(3.6 x 10-11 M), but has much less effect on protein synthesis by whole cells, with an ID50 of 1 mg/ml (3.3 x 10-s M), and inhibits replication of herpes simplex virus type 1.
The pokeweed antiviral protein ('PAP') (Obrig et al., 1973; Irvin, 1975) and the related form PAP II were purified from the leaves of Phytolacca americana (pokeweed). These proteins inhibit the replication of plant and animal viruses (Wyatt & Shepherd, 1969; Ussery et al., 1977; Aron & Irvin, 1980; Grasso et al., 1980; Irvin et al., 1980) and act by inactivating the 60S ribosomal subunit, thus inhibiting protein synthesis (Obrig et al., 1973) . Hence PAP and PAP II act in an apparently identical manner to the A chains of ricin and abrin (Olsnes & Pihl, 1977) and other single-chain proteins isolated from various plant materials [tritin from wheat germ (Roberts & Stewart, 1979; Coleman & Roberts, 1981) , Momordica charantia (bitter gourd) inhibitor, from the seeds of the same plant (Barbieri et al., 1980) , gelonin, from Gelonium multiflorum seeds , dianthins, from Dianthus caryophyllus (carnation) leaves ].
A crude extract of P. americana seeds had a strong inhibitory effect on protein synthesis in a cell-free system, which suggested the presence of PAP or of a related protein (Gasperi-Campani et al., 1977) . The present paper describes the purification Laemmli (1970) . Molecular weights were determined by SDS/polyacrylamide-gel electrophoresis as described by Weber & Osborn (1969) with the following markers (molecular weights are given in parentheses): bovine serum albumin (68000), abrin A (29,500) and B (35000) chains, ricin A (32000) and B (34000) chains and soya-bean trypsin inhibitor (21500). Molecular weight of the major fraction of PAP-S (see below) was determined also by gel filtration through a column (100 cm x 2 cm) of Bio-Gel P-100, equilibrated with 0.3 M-NaCl containing 5mM-sodium phosphate buffer, pH7.2, and eluted at the rate of 14 ml/h at room temperature. The following standards were used: bovine serum albumin (67000 mol.wt.), ovalbumin (43000), chymotrypsinogen A (25000) and ribonuclease A (13 700).
The Toxicity experiments The toxicity of purified PAP-S was evaluated in female Swiss mice, weighing 25 g. Animals received food and water ad libitum. The protein, dissolved in 0.9% NaCl, was injected intraperitoneally at doses ranging from 1 to 50mg/kg of body wt., with a ratio between doses of 1.778. LD50 was evaluated by the method of Spearman-Karber as described by Finney (1964) .
Virus multiplication
African-green-monkey kidney cells (Vero cells) monolayers at 1 x 105-2 x 105 cells per plate were infected with herpes simplex virus type 1, strain KOS, at a multiplicity of 10 plaque-forming units per cell in the presence or in the absence of PAP-S. Infected cells were incubated at 370C and virus yields were determined at 24h post infection as described by Aron & Irvin (1980) .
Other determinations
Sugar analysis was performed by gas chromatography as described by Dunstan et al. (1974) with D-mannitol as a standard.
Protein was determined by the method of Lowry et al. (1951) with bovine serum albumin (Sigma) as a standard, or spectrophotometrically (Kalb & Bernlohr, 1977) . Radioactivity was measured as described by Gasperi-Campani et al. (1977) .
Results

Purification of pokeweed anti-viral protein from seeds
Pokeweed seeds (200g) were ground in a blender for 10min with 1.5 litres of 0.2 M-NaCl/5 mM-sodium phosphate buffer, pH 7.2. The homogenate was left overnight at 2-40C on a magnetic stirrer, and was then centrifuged at 7000g for 30min at 20C. A pink supernatant was separated from the sedi-ment and from a floating layer of solidified fat, and was filtered through filter paper (Rapid A; Cartiera Galvani, Cordenons, Italy). The filtrate was dialysed for 48 h against 10 litres of 5 mM-sodium phosphate buffer, pH 6.5, with two changes of buffer. Any precipitate formed during dialysis was centrifuged off and discarded. The dialysed supernatant from 50g of seeds (315 ml) was filtered through filter paper and was applied to a column (17cm x 4cm) of CM-cellulose (CM 52), previously equilibrated with buffer. The column was washed with 350ml of buffer and the retained material was eluted with a 3-litre linear gradient of 0-0.3M-NaCl in the same buffer. The (1970) . Stained gels were scanned at 6 10nm with a Zeiss PM 6 spectrophotometer equipped with a gel scanner. Gels contained: (a) 9,g each of PAP and PAP-S; (b) 9,ug each of PAP II and PAP-S; (c) 12jg each of PAP and PAP II.
chromatography was performed at room temperature (23-270C).
Diluted samples of the fractions were added to the lysate system for protein synthesis, and several peaks of inhibitory activity were observed (Fig. 1) . Vol. 203 Peak c had the highest specific inhibitory activity and was studied in detail as PAP-S. The yield of inhibitory activity is given in Table 1 . The activity recovered after dialysis of the extract was more than 100%, a phenomenon previously observed during the purification of similar proteins (Barbieri et al., 1980; Stirpe et al., 1981) .
On polyacrylamide-gel electrophoresis all peaks with inhibitory activity on protein synthesis (Fig. 1) showed a single protein band with a molecular weight near to 30000. The band of peak c (PAP-S) was distinct from that of PAP, but coincided with that of PAP II (Fig. 2) .
Peak c was eluted as a single peak from the Bio-Gel column, with apparent mol.wt. 28 600.
On isoelectric focusing, material under peaks b and e showed two bands, and other peaks showed a single band, all with isoelectric points above 8. The molecular weights and isoelectric points of the various peaks are reported in Table 2 . These data suggest that peak b may contain a mixture of the proteins of peaks a and c.
The amino acid composition of PAP-S (Table 3 ) is similar to those previously reported for PAP and PAP II (concentration giving 50% inhibition) ranging from 1.09 to 2.5 ng/ml (3.6 x 1011-8.3 x 10-I1M) in different preparations. The shape of the inhibition curve was very similar to those reported previously for similar proteins (see, for instance, Barbieri et al., 1980) . A significant effect of PAP-S on protein synthesis by HeLa cells was observed only at a concentration of 1 mg/ml (3.3 x 1O-5 M) (Fig. 3) . The toxicity of PAP-S for mice is reported in Table 4 . Dead animals showed histological signs of fatty degeneration and necrosis in the liver (results not shown). Table 4 . Toxicity ofpokeweed antiviralprotein Seven scalar doses of PAP-S (peak c of Fig. 1 ) were administered to groups of six mice per dose. Other details are described in the Experimental section.
[PAP-SI (mg/ml) Fig. 3 (0.25,pCi/well). After incubation for 2h the medium was removed and replaced with 1 ml of 0.1 M-KOH. Protein was precipitated by adding 1 ml of 20% (w/v) trichloroacetic acid, and treated as described by Barbieri et al. (1980) The yield of herpes simplex virus type 1 in Vero cells infected in the presence of PAP-S was decreased in a dose-related manner, a 50% decrease in virus yield being caused by a concentration below 10-7M (Table 5) .
Discussion
The seeds of P. americana contain several forms of a protein that inhibits protein synthesis and can be purified with a good yield by a simple chromatographic procedure. The most abundant of these forms at least, PAP-S, has biological properties similar to those already known for PAP and PAP II, previously isolated from the leaves of the same plant, in that: (i) it is a powerful inhibitor of protein synthesis in a cell-free system, with little effect on intact cells, and (ii) it inhibits the replication of herpes simplex virus type 1.
Proteins similar to PAP have been purified from various plant materials (see the introduction) and have been compared with the A-chains of ricin and related toxins (Olsnes & Pihl, 1977) : all of them inhibit the replication of tobacco-mosaic virus (Stevens et al., 1981) and inactivate ribosomes by acting enzymically in a still-unknown manner.
Previous and present results demonstrate that these proteins may be present in different parts of the same plant, sometimes in different forms.
In contrast with M. charantia inhibitor, gelonin, dianthins and the A-chains of ricin and abrin at least, PAP-S does not contain detectable amounts of sugars. In view of the similarity between these proteins, this suggests that sugars, when present, may not be necessary for the biological activity of the proteins. This is consistent with the previous observation that demannosylated gelonin inhibits protein synthesis as effectively as the native protein . Gelonin was conjugated to 'carriers' such as concanavalin A or a monoclonal antibody (Thorpe et al., 1981) to form cytotoxic complexes that hopefully may be used for experimental therapy. It will be useful for this purpose to have several active proteins to overcome the immune reactions that would presumably occur on prolonged administration of these materials to animals. The protein purified from the seeds of pokeweed could be advantageously used for this purpose, since it is very potent, and can be prepared easily and in relatively large quantities from fairly common material.
